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The difficulties of standard perturbation theory associated with unstable fundamental fields are cured if one con-
structs perturbative expansion directly for probabilities interpreted as distributions in kinematic variables.
PACS numbers: 11.10.–z
Unstable particles (Z , W, higgs bosons, top quark etc.) are at
the focus of current high energy physics research. However, a
satisfactory theoretical formalism that would allow systematic
calculations for the processes involving such particles at the high
level of precision required, say, for LEP2 [1], is still lacking (for
recent discussions see [2], [3]). This Letter describes a system-
atic, inherently natural, and rather simple if unconventional modi-
fication of the standard Perturbation Theory that relieves the lat-
ter of the known difficulties associated with instability of heavy
particles. (The physical situations we are concerned with are
those where the issues of time evolution do not emerge; for a re-
cent discussion see e.g. [4].)
Consider the amplitude A Q( )  of a process q q X l l1 2 1 2→ →
involving an unstable field X  (e.g. a Z  or W boson). A Q( )  con-
tains the propagator of X  [ ]M Q2 2 10− − −i  (M  and Q  are X ’s
mass and 4-momentum; for simplicity unitary gauge is implied
throughout this Letter). The −i0  makes A Q( )  integrable around
Q M2 2=  but the probability P Q A Q( ) ( )| |∝ 2  contains a non-
integrable factor [ ]M Q2 2 2− −  which generates infinity when
smeared over Q2  around Q M2 2=  to take into account initial
state radiation. The standard PT expression is, therefore, mean-
ingless.
Veltman [5] proved that a finite, unitary and causal S -matrix in
the Fock space spanned by stable particles only, is obtained if one
resums self-energy contributions Σ( )Q2  corresponding to the in-
stability (g  is the weak coupling):
[ ] ( ; ) [ ( )] .M Q Q g M Q g Q2 2 1 2 2 2 2 10− − → ≡ − −− −i ∆ Σ (1)
For unstable X , Im ( )Σ M 2 0>  pushing the pole from the real
axis and thus rendering the corresponding probabilities finite.
Unfortunately, a well-known fact is that such resummations de-
stroy exact order-by-order gauge invariance; the resulting ambigu-
ities may be unsatisfactorily large [3]. (Somewhat similar ambi-
guities occur in quantum chromodynamics with renormalization
scale fixing [6] where one usually limits the dimensional scale’s
variation to values around a typical dimensional scale of the proc-
ess being studied. In the present case, the residual dependence on
gauge-fixing parameters is completely unphysical and their vari-
tion cannot be limited from physical considerations.) Similarly
spoiled is perturbative unitarity [7]. Various attempts to circum-
vent these difficulties [8], [9], [10], [11], [3] are either hard to
implement or not systematic. The issue can be traced back to the
non-power dependence on g  in (1).
Yet an option for obtaining a well-defined expansion in pure
powers of g  within Veltman’s approach does exist. To under-
stand this option, note the following: (i) Although PT is usually
developed for amplitudes, in the end one only needs probabilities
P Q( ) . (ii) A minimal physically motivated restriction on math-
ematical nature of P Q( )  is that P Q( )  are measured using finite-
resolution detectors and taking into account smearings for initial
state radiation etc., so it suffices to define P Q( )  as distributions
[12] for which only integration with smooth localized weights is
defined but not necessarily pointwise values. (iii) Even if exact
P Q g( ; )  are continuous in Q , perturbative expansion implies a
limiting procedure g → 0  which may (and does; cf. eq. (2) be-
low) bring one into the realm of distributions proper.
Now consider the probability (rather than the amplitude) of
q q X l l1 2 1 2→ →  with the resummed X -propagator (1). Try to
expand | |( ; )∆ Q g 2  in powers of g . The naïve Taylor expansion
restores the usual PT expression — which is non-integrable and
so is not a well-defined distribution. However, one actually deals
with integrals of P Q( )  with arbitrary weights, and expansion in
g  should preserve such integrability, i.e. the expansion should be
in the sense of distributions.
A systematic theory of such expansions in the context of PT —
the theory of Asymptotic Operation — has been fully developed
since 1982 [13]. Its Euclidean variant yielded powerful calcula-
tional formulas widely used at present (for a review see [13],
[14]). The recent advance [15] extends AO to arbitrary problems
in Minkowski space.
(Note that distributions with respect to PT integrals play a role
similar to that of complex numbers with respect to algebraic
equations. In both cases the resulting freedom of manipulation
proves to be greatly useful; the psychological difficulties one en-
counters in both cases are also not dissimilar. In contrast to
Euclidean situations, the problem of unstable particles is a first
application of AO where distributions cannot be eliminated from
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answers naturally; cf. eq. (2) and the discussion thereafter.)
Our above example presents a simple exercise in application of
the machinery of AO. Denote τ = −M Q2 2 ,  h Q( ) Re ( )τ = Σ 2 ,
f Q( ) Im ( )τ = Σ 2 , and h fn n, = n -th derivatives at τ = 0 . Then:
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where the elementary distribution VP[ ]τ −2  is defined by
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with derivatives in the sense of distributions [12], and
E x x h f h f f x h f( ) ( ) '( ) .= − −− −pi δ pi δ1 0 0 1 0 2 0 0 1c h (4)
If one recalls the omitted trivial factors and that g f M X2 0 = Γ  to
lowest order, then the O g( )−2  term in (2) corresponds to free X -
boson in the final state and to the familiar approximation
σ σ( ) ( ) ( )q q X l l q q X Br X l l1 2 1 2 1 2 1 2→ → ≈ → × → , to which the
other terms on the r.h.s. of (2) yield a well-defined O g( )2  cor-
rection exactly coinciding with the naïve τ −2  for τ ≠ 0 . The VP-
prescription renders it integrable near τ = 0 , and E( )τ  ensures
the estimate O g( )2  after termwise integration of (2) with smooth
localized weights. This can be easily checked e.g. numerically.
So, our method is in complete agreement with both physical
intuition and the standard PT: the latter only misses the correct
structure of the answer at the singular point.
The expansion (2) can be extended to any order in g ; e.g. the
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This, again, differs from the naïve 2 3h( )τ τ −  only at τ = 0 .
In the absence of massless particles and away from thresholds,
the formulas (2)–(5) and their extensions to higher orders con-
stitute a complete formalism.
Generalization to models with massless particles is obtained as
follows. For simplicity we assume to be away from non-zero
thresholds; however, the general method of AO works near
thresholds too with appropriate modifications [15]. Furthermore,
we assume there are no complications due to t -channel singulari-
ties in the physical region of the sort analyzed in [16].
The starting point is the S -matrix constructed according to
Veltman’s prescriptions [5], but instead of amplitudes, one now
deals with probabilities: One considers the collection of all uni-
tarity diagrams with only stable particles in the initial and final
states with self-energies responsible for instabilities Dyson-
resummed. (It suffices to resum one-loop contributions; inclusion
of higher-order corrections into resummation does not affect the
final answers; see below.) Then one enforces expansions of prod-
ucts of propagators and phase-space δ-functions in the sense of
distributions in g  that occur in denominators (prior to any inte-
grations). Mathematically, this resembles expansions in small
masses and is done using the method of AO. The result for each
diagram is guaranteed to run in powers (only integer powers oc-
cur in the present case) and logarithms of g , with no other de-
pendences on g  in the final result (the so-called perfectness of
expansions which is a characteristic feature of AO [13]; concern-
ing cancellations of logarithms of g  see below).
So one needs to concretize the general prescriptions of AO [15]
to our specific problem. (This necessarily has to be done using
the language of AO; consult [15], [17]. Note that AO commutes
with multiplications by polynomials [13], so numerators can be
ignored in the present discussion.) It is sufficient to identify the
singular subgraphs to which correspond counterterms to be
added to formal expansion, together with the associated trans-
verse coordinates and scalings needed to do power counting and
reduce the coefficients of counterterms to power-and-log form.
The following description of singular subgraphs is valid for mod-
els containing stable and unstable massive fields coupled to
massless gauge fields (abelian or not). The case without unstable
fields corresponds to QED/QCD-type soft singularities whose
mechanism of cancellation is well understood; their cancellation
takes place prior to the expansion in self-energies being de-
scribed, and the prescriptions given below correctly take into ac-
count those soft singularities on a diagram-by-diagram basis. In
practice, the purely QED/QCD-type soft singularities do not re-
quire any additional special handling in the context of instability.
Let G  be a unitarity Feynman diagram. Call a line (ordinary or
cut) massive or massless depending on the type of the corre-
sponding field. Massive lines are further subdivided into unstable
and stable. A singular subgraph Γ is a collection of some mas-
sive (unstable, and, perhaps, stable) and, perhaps, some massless
lines of G ; Γ is also to satisfy the following restrictions (a rather
straightforward concretization of the general completeness condi-
tion [15], sec.2.5): massless lines of Γ should form a complete IR
subgraph in the Euclidean sense [17]; let ka be their independent
momenta. Massive lines of Γ should form “chains” as follows: set
ka = 0  and reevaluate the momenta of all lines of G  using mo-
mentum conservation; denote their new values as Qb; then a chain
consists of all massive lines of Γ with the same Qb and the same
Lagrangian mass Mb with no lines with the same Qb and Mb in G
outside Γ. (A chain of Γ may be part of a larger chain of Γ Γ'⊃
because the set of momenta ka depends on Γ.) A chain is unstable
or stable depending on the corresponding particle’s type.
The next three restrictions eliminate Γ ’s whose counterterms
are zero (as checked e.g. by explicit calculations): i) Each unsta-
ble chain should have a line on each side of the cut (otherwise the
singularity is non-pinched and no counterterm is required).
ii) Similarly, each stable chain’s Qb should correspond to an on-
shell final/initial state particle; one can also say that each stable
chain should contain a cut line (final or initial state). iii) There
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should be no group of massless lines of Γ such that they all, and
only they, depend on some ka and no other line of Γ depends on
those ka  (e.g. the central bubble in (6)).
The following condition describes singular subgraphs Γ whose
counterterms do not factorize into products of counterterms for
simpler subgraphs: Each chain of such Γ should be kinematically
connected via massless lines to another chain, meaning that there
is a ka  which passes through some (not all) lines of either chain.
The transverse coordinates for a subgraph Γ consist of all its ka
and τb b bQ M≡ −2 2  for all its chains. Then the Γ-related counter-
terms to be added to the formal expansion are ∝ ∏a D akδ ( ) ( )
× ∏b bδ τ( )  with total number of derivatives on all δ-functions
determined by power counting with uniform scaling in all τb and
ka . This scaling also defines the homogenization needed to re-
duce counterterms to power-and-log form ([15], sec.2.7).
The last point concerns intermediate regularization of the for-
mal expansion. Dimensional regularization alone is insufficient
(as is clear from the above example). So one must introduce a
separate VP-prescription for each “bad” product of unstable
propagators as determined by simple inspection (cf. (2) and the
example below).
With the above rules, writing out the AO for each unitarity dia-
gram is a rather mechanical procedure ([15], eqs. (2.9)–(2.12))
which yields the expansion in powers and logarithms of g .
Explicit enumeration of singular configurations for physically in-
teresting cases will be presented elsewhere [18].
A non-trivial example is provided by the following diagram:
Q k
k
Q QQ k (6)
where k  corresponds to photon, and Q  and Q k+ , to a charged
unstable X -boson. The corresponding product is
| ( ; )| | (( ) ; )| ( ) ,∆ ∆Q g Q k g k2 2 2 2 2+ +δ (7)
where δ θ δ+ =( ) ( ) ( )k k k2 0 2 . There are three singular subgraphs,
each with one chain: Γ1 and Γ2 consisting of pairs of equal-
momentum X -lines (the subproducts | |( ; )∆ Q g 2  and
| |( ; )∆ Q k g+ 2 ), and Γ3 comprising the line k  and all X -lines.
With ~ ( )τ = − +M Q k2 2 , the expansion of (7) in g  to o( )1  is
VP[ ] VP[~ ] ( )
( ) VP[~ ] ( ) VP[ ] (~) ( )
τ τ δ








+ × + ×
2 2 2
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k
E k E k
+ + + +C k C k C k o0 1 1 1δ τ δ δ τ δ δ τ ∂ δµ µ( ) ( ) ' ( ) ( ) ( ) ( ) ( ) , (8)
where E g f E( ) ( ) ( )τ pi δ τ τ= +− −2 0 1  (cf. the r.h.s. of eq. (2) ) .
Eq. (8) exactly follows the general pattern of AO:  the first line is
just the formal expansion with necessary VP-regularizations;
E ( )τ  and E (~)τ  correspond to Γ1 and Γ2, and the last line, to
Γ3. Because the formal expansion (the first line) is linearly diver-
gent by power counting at the singularity for Γ3, the last line
contains only δ-functions and their first-order derivatives.
As usual in the theory of AO, the coefficients Ci  depend non-





















KJ +ln ln ( ) (ln ) , (9)
where ε = −12 4( )D . C1
µ
 and C1  are similar (without the overall
g−2 ). For C1µ , the bracket contains neither poles nor logarithms.
The poles ε −1  ensure integrability near τ = =k 0  of the first
two lines of (8). The finite parts ensure the asymptotic estimate.
The modified PT thus obtained contains all diagrams of the
standard PT (with only stable particles in initial and final states)
with VP-prescriptions for unstable particles’ mass shell singu-
larities, plus counterterms with some simple δ-functions times
unambiguously defined coefficients (cf. eqs. (2) and (8)).
Discussion
1) The modified and standard PT coincide off the mass shell of
unstable particles, so perturbative unitarity is unaffected. For the
same reason, loop integrals are not affected and their calculation
can be performed in the usual manner. Also, UV renormalization
of loop integrals in the MS scheme is exactly the same in the
modified PT as in the standard one (cf. the treatment of UV
renormalization in the theory of AO [19]).
2) Evaluation of coefficients such as (9) has to be done only
once for a finite number of different configurations of singular
factors. (This work is currently in progress [18].)
3) The logarithms of g  in expansions of individual diagrams (cf.
(9)) are completely analogous from mathematical point of view to
logarithms of masses in Euclidean expansions [13], [20]. In the
above example, contributions O g g( ln )−2  are canceled by the
two diagrams with virtual photon on one side of the cut (ensuring
a physically correct limit g → 0  after multiplication by decay
vertex factors). This is a special case of a general mechanism
based on unitarity of Veltman’s S -matrix [5]: The unitarity rela-
tion T T T T+ ++ =  connects complete sums of unitarity diagrams
(the r.h.s.) with amplitudes (the l.h.s.). However, the PT expan-
sion of amplitudes in powers of g  is well-defined and contains no
ln g  terms, so such terms must cancel in the sum of all diagrams
for the r.h.s. The physical origin of ln g  contributions is the same
as for the soft-photon singularities in QED, and their cancellation
follows a similar pattern.
4) If Veltman’s S -matrix is gauge invariant order-by-order
within the corresponding precision, i.e. if the sum of diagrams
through O gn( )  is gauge invariant within O gn( ) , then the same
is true for the modified PT. But the latter is a purely power-and-
log expansion, so gauge dependence of the terms ∝ gn  could not
be canceled by the terms ∝ >g N nN , . So the modified PT must
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then be exactly gauge invariant in each order.
5) It may be helpful to take a more general view on different
variants of PT discussed here. Consider the integral Dyson equa-
tions for Green’s functions of stable and unstable fields (derived
e.g. from equations for quantum fields). Reconstruct S -matrix for
stable particles only from the Green’s functions as dictated by
principles of QFT. The PT is obtained via two tricks: (A) itera-
tions of the Dyson equations starting from the free propagators
and Lagrangian interaction vertices; (B) Taylor expansions of re-
sulting diagrams to eliminate self-energies from denominators.
Veltman’s prescription then corresponds to an incomplete expan-
sion in self-energies (rather than resummation) — incomplete to
avoid spoiling the qualitative structure of poles. The naïve PT is
restored from Veltman’s amplitudes via expansion in the residual
self-energies in denominators (which operation does not commute
with the squaring of amplitudes in the case of unstable particles),
whereas the modified PT bypasses this step and completes the
expansion directly for probabilities.
6) A potentially confusing feature of the modified PT is that its
predictions are singular if integrable functions (cf. eq. (2)), so one
cannot talk immediately about pointwise convergence to a con-
tinuous exact answer for Q M M X2 2− » Γ  — only about con-
vergence of integrals with smooth weights. This fact is routinely
misinterpreted (by incorrect analogy with hadron resonances) as
indicative of a “fundamentally non-perturbative” nature of the
problem: The weaker convergence in the present case is fully suf-
ficient, e.g., for fitting parameters of the Standard Model. (For
LEP1, one could choose weights localized around the Z  peak to
minimize experimental errors. Remember that convergence of
theoretical predictions is slower for faster-varying weights.)
Moreover, restoring a continuous function from singular approxi-
mations is usually feasible with knowledge of continuity of the
answer — cf. the classical “regularization” techniques of applied
mathematics [21]. The binning routinely used by experimentalists
to obtain continuous distributions of finite samples of discrete
events is a procedure of exactly this sort (however, smooth rather
than rectangular “bins” would have to be used in the present
case). A manual insertion of finite width into unstable propaga-
tors is also a variant of a regularization procedure of this sort; it
ought, however, to be performed after gauge-invariant expres-
sions are obtained. Most importantly, VP-distributions etc. are
smeared by convolutions necessary to take into account initial
state radiation [22] (one should use the definition (3) and inte-
gration by parts). This latter fact reduces the whole matter to one
of technical convenience rather than principle.
7) The modified PT is insensitive to inclusion of higher order
self-energy corrections in the resummation: The additional
dependences on g  (of f hi i,  in the above examples) are analy-
tical and as such allow safe Taylor expansion which is automati-
cally taken care of by the method of AO (via the homogenization).
Together with uniqueness of power-and-log expansions [23], [13]
this means that the modified PT per se involves no ambiguity
whatsoever inasmuch as unstable fields are concerned. Therefore,
and in view of the generality of Veltman’s results [5] on which it
is based, the modified PT may be regarded as the perturbation
theory for models with unstable fundamental fields.
I thank I.F.Ginzburg for suggesting the problem, a crucial en-
couragement and comments; E.E.Boos, V.I.Borodulin, G.V.Jikia,
Yu.F.Pirogov, L.D.Soloviov and N.A.Sveshnikov  for discus-
sions; and especially M.L.Nekrasov for pointing out singular con-
figurations involving soft radiation from stable initial/final state
particles. Financial support came from the workshops of
QFTHEP series (INP MSU, Moscow) as well as the Theory Divi-
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To: BROWN, Stanley G., Editor, PHYSICAL REVIEW LETTERS
From: TKACHOV, Fyodor V., Author
Subject: LQ6406 Perturbation theory for unstable fundamental fields
Date: 7 Nov 1998
Dear Professor Brown,
Many thanks for forwarding to me the two referee reports. I apologize for the slow reply caused by
circumstances that required my undivided attention.
I have carefully studied both reports, and found the following:
--- Neither referee examined my Letter in its entirety in a way referees for a leading research journal
are expected to.
--- Neither referee even came close to pointing out any errors in my construction, either physical or
mathematical, either in principle or in detail. Their arguments are, at best, equivalent to stating
that my approach is radically different from how other experts approach the problems I address in
my Letter. Given that I discovered the solution where others (including the two referees) failed, why
should that be any surprising?
--- Neither referee had enough integrity to acknowledge the fact that the theoretical expertise be-
hind my construction is completely outside their scope, nor did they attempt to examine the plen-
tiful evidence easily available on the Internet (starting from the reviews I cited), in order to assess
the value of that expertise.
My above conclusions are supported by the statement-by-statement analysis of the two reports ap-
pended hereto. The analysis reveals that the two reports, however different in style, are both dis-
gracefully unconscientious and, given a high reputation of the journal, a disservice to the high-
energy physics community: In the case of Referee A, it is evidently a deliberate attempt to torpedo,
under protection of anonymity, a superior work, whereas in the case of Referee B, a cavalier dis-
missal of the one-should-know-one's-place kind.
 (One wonders what aspects of editorial policies at leading journals make such reports possible.)
Therefore, I hereby request that whatever procedures are projected at PHYSICAL REVIEW LETTERS
for such contingencies, be put into effect.
I also feel it would not be fair not to provide feedback to the Editors prior to submitting my Letter to
another journal because it is my policy to expose referee reports of this kind on the Internet.
I suggest that in subsequent considerations (should such take place), the updated version of my
Letter be used (it is easily obtainable from the E-print archive as hep-ph/9802307; I shall provide a
double-spaced revised manuscript when that will be necessarity). The changes in the revised ver-
sion do not affect the core formalism and are aimed to clarify various points; they are relatively mi-
nor although they do add up to an extra journal page (including a correct description of
M.Veltman's 1963 results and a proof of cancellation of "bad" logarithms of couplings).
I regret to say that none of the changes can be credited to either of the two referees.
Please inform me about how my paper will be handled as soon as possible.
Sincerely yours,
Fyodor Tkachov
APPENDIX. The author's commentaries on the two referee reports.
First, some general remarks are necessary that may help explain the psychology behind the two re-
ports in relation to my Letter:
=== My construction offers a solution to the fundamental problem of physically correct [gauge-
invariant etc.] and systematic [all-order] construction of perturbative expansion for unstable fun-
damental quantum fields.
   The problem concerns practically all the particles at the focus of current high-energy physics re-
search (Z, W, top, higgs...).
   The problem has been the subject of active research for several years (the issues of causality and
unitarity were clarified by M.Veltman in 1963; the more recent activity started in the 80's and have
since continued non-stop, in connection with high-precision experiments at LEP). The problem
earned a reputation of being intricate and cumbersome.
=== My solution is based on very simple observations [expand probabilities rather than ampli-
tudes]. This "unphysical" simplicity is in stark contrast with the seeming profundity of alternative
schemes [analyticity properties, Schwinger-Dyson resummations, etc.].
   Furthermore, my debut idea is very straightforwardly implemented in a precise mathematical
fashion. This required a special mathematical techniques [the method of Asymptotic Operation de-
rived from the theory of distribution and descending from the Bogoliubov R-operation]. Methods of
distribution theory are usually associated with the recondite domains of axiomatic field theory, and
are universally ill-understood or ignored by calculationists and phenomenologists.
 (i) introducing some elementary principal-value prescriptions and
(ii) adding some simple delta-functions with universal coefficients.
Such a simplicity is, again, in stark contrast with the cumbersome conventional schemes improp-
erly influenced by analyses of composite resonances.
=== Therefore, my solution essentially deflates the entire problem.
"Experts" (including our two referees) are exactly the people who have been involved with this
problem for many years. Given that they *failed* to resolve it -- essentially due to (quite excusable)
insufficient mathematical expertise -- and given the (again excusable) weakness of human nature,
how can one expect them to be able to judge a work that does solve the problem using a novel
mathematical technique of which they are unaware, and without recurring to anything more physi-
cally profound than the prescription to expand probabilities instead of amplitudes?
=== In a broader perspective, my construction compares with results such as the Bogoliubov R-
operation and the Wilson operator-product expansion. It is an application of an extremely powerful
method of Asymptotic Operation that during more than 15 years of its existence was key in discov-
ering by myself with various collaborators of the calculational formulas used in several of the most
sophisticated large-scale calculations performed to date within perturbative quantum field theory
(see below my comments for the report A).
=== Distributions play with respect to integrals of perturbation theory a role similar to that of com-
plex numbers with respect to algebraic equations.
The perturbation theory with unstable fields is the first example where the distributions cannot be
integrated out from final answers (because the transition from unstable to stable particle in the
zero-coupling limit means a transformation of a product of propagators into a phase-space Dirac's
delta-function, whereas higher-order corrections are described in terms of derivatives of delta-
functions and other singular distributions).
   The psychological difficulty of understanding, and accepting, the idea that singular distributions
can (in fact must) be used as a calculational tool, is analogous to the difficulties that accompanied
introduction of "imaginary numbers" -- the difficulties well-recorded in the history of mathematics.
   On the other hand, the fact that raw theoretical predictions necessarily take a singular form (cf.
uniqueness of expansions in pure powers of the small parameter), has its counterpart in the proc-
essing of experimental data where continuous cross sections etc. have to be restored via special
manipulations from finite sets of discrete data points.
   I am now going to analyze both reports statement-by-statement. The original referees' text is
marked by >> at start of lines. Both reports are quoted in full and in the original order.
   It is convenient to consider the report B first as substantially more coherent of the two.
----------------------------------------------------------------------
BRIEF ASSESSMENT OF REFEREE B'S REPORT:
--> HM, A PAPER TO REFEREE, WHAT A BORE...
--> WHO IS THE GUY?
--> ANOTHER HUNGRY RUSSIAN, WITH UNPRONOUNCIBLE NAME,
--> AND WANTS TO PUBLISH IN PHYS REV LETTERS.
--> INDEED!..
--> BUT I MUST WRITE SOMETHING... WHAT DOES HE SAY IN THE ABSTRACT?
--> <flicking through the first pages of the manuscript>
--> HA! DISTRIBUTIONS!
--> WHAT DOES HE THINK OF HIMSELF? NEWTON? SCHWINGER?? .......???
--> AS IF WE'LL ALL RUSH TO LEARN DISTRIBUTIONS!
--> I'VE BEEN DOING PRETTY WELL WITHOUT DISTRIBUTIONS,
--> THE GENERAL READER'S BEEN DOING PRETTY WELL WITHOUT DISTRIBUTIONS!
--> BUT WHAT A BORE...
--> I MUST BE OBJECTIVE THOUGH.
--> IT IS MY RESPONSIBILITY TO OFFER THE YOUNG MAN A GENEROUS PIECE OF ADVICE.
--> MR., ER... T-K-... (OH MY!) SHOULD BE GRATEFUL THAT I READ HIS ABSTRACT!
--> <quickly typing the report>
>> Referee B
>>
>> REFEREE REPORT  Manuscript # LQ6406  Author: F.V. Tkachov
>> "Perturb. th. for unstable fundamental fields"
>>
>> This paper discusses an unconventional
   Note "unconventional".
>> approach to the study of processes mediated by unstable particles,
>> based on the consideration of transition probabilities,
>> rather than amplitudes.
   So far so good. An accurate rephrasing of the abstract with an expertly touch (as indicated by the
phrase with "mediated" not present in the manuscript). The other referee failed already at this
point.
>> Squared propagators are expanded in powers of g^2, with the
>> coefficient functions interpreted as distributions.
   True -- but only partially so: "squared propagators" are expanded only in the simple first example.
The general construction involves configurations substantially more complex than just squared
propagators. That the referee failed to notice the fact is not accidental as we will see shortly.
>> The paper is further based on a theoretical framework called
>> Asymptotic Operation (AO), to which the author refers in the references.
   a) The referee's elegant phrasing indicates her substantial unfamiliarity with "a theoretical
framework called Asymptotic Operation" (which hypothesis is corroborated by her suggestions in a
later part of the report).
   b) Therefore she failed (and there is no indication in her report that she tried) to make any sense
of the text following the first simplest example, so that the construction as a whole remains out of
her attention's scope -- is why only "squared propagators" are mentioned in her preceding sentence.
   c) Since she is baffled by the entire construction, the adjective "unconventional" is the very first
thing she has to say about "this paper".
   d) She does not wish to openly acknowledge her ignorance of the method of AO. If she does, the
entire report would immediately be devoid of convincing power, and it might have been easily mis-
interpreted as insufficient competence which CANNOT BE the case, so the paper, logically speak-
ing, MUST be flawed, and she decides to proceed in this vein.
>> I have the following observations:
>> i) As it stands,
   That is, considered isolatedly from the preceding body of research and all the publications in
which the method of AO was developed, explained, and described in detail.
>> the paper may be understandable to the author,
>> but I doubt that this would be the case for the general reader.
   Right!
   The referee missed an important development well-documented in the literature for the last 15
years and adequately represented in the E-print archive -- undoubtedly, "this would be the case for
the general reader", too.
   At this point it is convenient to bring into consideration a precedent. Consider e.g. the following
paper (the first suitable example I came across in my database; one can easily find many other
similar examples, both in PRL and other journals):
 [BK] Z. Bern and D.A. Kosower, "Efficient calculation of one-loop QCD
amplitudes," Physical Review Letters 66 (13), 1669-1672 (1991).
Its general pattern is sufficiently similar to my Letter; both outline a method involving a mathe-
matical technique beyond the grasp of "general reader", and both present some results as an exam-
ple:
i) [BK] informs the reader of how the techniques of superstrings can be applied to calculation of
multigluon amplitudes, and what are the benefits thereof. Note that such calculations can also be
performed -- with more mechanical work but also higher theoretical reliability -- by standard meth-
ods.
   My Letter, on the other hand, informs the reader of how the techniques of Asymptotic Operation
is applied to the problem of constructing all-order gauge-invariant perturbation series for unstable
particles -- a problem that remains unsolved by other methods.
ii) [BK] recurs to the theory of superstrings -- an esoteric techniques which may well remain such
forever, and there is no convincing evidence yet that the technique can be made applicable to any
other problem except multi-gluon amplitudes in one loop.
   My construction, on the other hand, relies on the method of AO which is applicable to expansions
of *any* Feynman diagram in *any* physically meaningful asymptotic regimes -- small-x, thresh-
olds, etc. -- and no other method can accomplish as much. Moreover, the calculational formulas
discovered via AO have been in use since 1983 at several research centers.
   So, is one supposed to deduce that the "general reader" should be made aware of the method of
superstrings applicable only to multi-gluon amplitudes in one loop, -- but spared the strain of
learning about the method of AO with the range of applicability which comprises practically all of
high-energy physics?
   Is the prescription 'expand probabilities rather than amplitudes' less "understandable to the gen-
eral reader" than 'embed QCD into a theory of superstrings'?
   But let us see what interesting interpretation the referee gives to the expression "understandable
to the general reader":
>> Equations are presented without derivation.
>> They are apparently derived in the AO framework, but neither this
>> method nor the derivations are explained in the paper.
   ??
   Aren’t we talking about a RESEARCH letter? Is it not an accepted practice to skip derivations in
research papers whenever they follow a routine documented in preceding publications?
   Aren’t we talking about a research LETTER? Is it not a well-established tradition that letter-type
publications serve to inform the "general reader" of important developments by providing a succinct
overview of the basic ideas and new results?
   Is the theory of superstrings explained in the [BK] paper mentioned above?
   AO is also a big theory (even if not as huge as the theory of superstrings). Its Euclidean variant
runs ~250 pages [hep-ph/9612284; hep-ph/9612287; hep-th/9612037; hep-th/9612038] plus
~50 pages of the non-Euclidean extensions [hep-ph/9703423; hep-ph/9703424].
   All the formulas and prescriptions I described in my Letter are very straightforwardly obtained
(via some dull algebra) by directly using recipes of the theory of AO explicitly described in my pre-
ceding publications cited in my Letter.
   Moreover, the formulas of the first example can be checked e.g. numerically in a matter of O(1 hr)
by any person reasonably competent in programming. (This is certainly not the case with e.g. the
formulas of [BK].)
   If the referee is so baffled already by the first example that she insists on a derivation, why not
take a look into some undergraduate-level textbook where the elementary definitions of distribu-
tions are discussed in detail -- such as the well-known one referred to in my Letter (L.Schwartz
"Methodes Mathematiques pour les Sciences Physiques", 1961)? Is undergraduate-level (at least by
Russian and French standards) mathematics a proper subject for a Physical Review Letter?
   Perhaps, the referee doubts correctness of my math? In the latter case she ought to say so and
request (as did other theorists) the simple program that did the expansion in the example together
with the accompanying "theory" document with explanations.
>> ii) It is not explained what is new in this paper with respect to the
>> previous work in the AO formulation.
   This is THE proof that the referee did not really read the paper beyond the first example; it is not
an oversight because the statement is repeated in the advisory part of the report.
   The relation of the prescriptions of "this paper" and the general recipes of the theory of AO is ex-
plained in the 5-th paragraph after eq.(5).
   Once again:
   There is a huge variety of possible asymptotic regimes that are tractable by AO. For these rea-
sons, the general theory of AO only gives guidelines for constructing the answers in terms of enti-
ties that play the role of free parameters [hep-ph/9703424, ref. 10 of the submitted manuscript].
Their concrete "values" (explicit descriptions of concrete classes of "singular subgraphs",
"transverse coordinates", etc.) can only be obtained after the concrete asymptotic regime
(small/large parameter of the expansion) is explicitly specified. After this is done, the expansion is
completely specified, too. "This paper" does exactly that for the concrete expansion problem at hand
(expansion of unitarity diagrams in pure powers of the weak coupling).
   So, the relation the referee inquires about is that between a general prescription and a concrete
answer: the general theory of AO gives a general prescription for writing out asymptotic expansions
of diagrams for arbitrary asymptotic regimes, whereas "this paper" gives an explicit description of
one such concrete expansion.
>> iii) The paper deals with a highly specialized subject
>> in a very technical way:
>> I doubt that it will be of interest to the general reader.
   Instead of providing specific arguments, the referee prefers to press her point by stoning the
author with "highly" and "very".
   So, let us examine just how "highly specialized" the subject really is:
--- First, count stable and unstable fields in the Standard Model. Which are more numerous?
--- Second, Z, W, top, higgs... -- all the particles that are predominantly studied in modern high-
energy physics -- are those particles stable, or are they UNstable?
--- Third, is not quantum field theory one of the most fundamental formalisms that describes one of
the most fundamental classes of physical phenomena?
--- Fourth, is not Standard Model a gauge quantum field theory? Is not gauge invariance a funda-
mental physical requirement for theoretical predictions of gauge theories?
--- Fifth, did a fully satisfactory [gauge-invariant to all orders] QFT perturbation theory for unstable
particles exist prior to my work?
--- Sixth, hasn't construction of such a perturbation theory been a subject of active research moti-
vated by necessity for high-precision calculations needed for modern accelerator experiments since
late 80's?
--- Seventh, the specifics of predictions of the new perturbation theory (the singular nature of
gauge-invariant theoretical predictions) ought to be understood by all data-processing experts in-
volved in comparison of theory vs. data. Does this fact expand -- or restrict -- the potential reader-
ship for this Letter?
   Would the editors of Physical Review Letters consider the modern high-energy physics revolving
around studies of unstable particles, a "highly specialized" subject?
   Is the subject of correct treatment of unstable fields more specialized than, say, methods of
speedier calculation of one-loop multigluon amplitudes??
   Now let us turn to "very technical".
   The "technique" implied is, obviously, the mathematical technique used in my Letter. Since the
phrase "very technical" is somewhat vague, here is a definition of "technique" (from the American
Heritage Dictionary of the English Language, 1996):
1. The systematic procedure by which a complex or scientific task is accomplished. 2... a. The way
in which the fundamentals, as of an artistic work, are handled. b. Skill or command in handling
such fundamentals...
And here is a definition of "fundamental" (noun):
1. Something that is an essential or necessary part of a system or object...
The same dictionary gives the following meanings for "technical" that allow the qualifier "very" and
that may be related to the referee's derogatory use of the term:
2... b... specialized... 4. a. Abstract or theoretical...
   So, what does the referee mean to say by describing my Letter as "very technical"? The possible
variants are as follows:
--- "very skillful":
Such a characterization would certainly not contradict the fact that the new variant of perturbation
theory is so much simpler than the conventional formulations and that so many people failed to
solve the problem. It is hard to see how this could be an argument against publication.
--- "dealing with very 'essential or necessary part of' the problem of unstable particles":
The mathematical structure of the singular limit of zero coupling is certainly very essential and
necessary -- because it ensures that the formalism correctly reflects the fact that unstable particles
become stable in the limit, and ensures a crucial stability (in a different sense) of the physical for-
malism with respect to discoveries of very weak effects -- because we never know about stability of
the particles we study with absolute confidence. Again, it is hard to see how this could be an argu-
ment against publication.
   Perhaps, the referee means that the theory of Feynman diagrams plays too central a role in the
Letter? Then one should recall that the perturbative QFT is known to work with unprecedented pre-
cision in the case of QED. Our ability to do calculations within that formalism is directly dependent
on our understanding of its *structure* (including singularities of Feynman diagrams as the most
characteristic feature) -- it is that *structure* that is responsible for the monumental success of
QED, and so it is a *reality* in a mathematical disguise. Why studying that reality -- even if it takes
the form of singular integrals rather than raw data points -- should be derogated as "technical"?
Just because some theorists do not possess the necessary mathematical skills?
   Furthermore, the subject is dealt with in my Letter in a way exactly as technical as the problem
requires. No one succeeded in resolving the issue -- i.e. constructed gauge-invariant perturbation
theory for unstable fields to all orders -- in a less technical way.
   And what is so "very technical" about principal-value prescriptions?
   The rest of the construction is no more "technical" than, say, the R-operation. Which only demon-
strates that such a level of "technicality" corresponds perfectly to the nature of singular integrals of
perturbative QFT.
--- "very specialized":
I have already said about the role of unstable particles in modern high-energy physics research; the
technique used to solve the problem is exactly as specialized as the physics problem it addresses.
Moreover, I repeate, the method of AO on which my solution is based has a much wider range of
applicability than just the theory of unstable fields.
--- "very abstract":
My Letter describes concrete calculational prescriptions which can be applied to practical calcula-
tions; the prescriptions are much simpler and completely systematic -- therefore more powerful --
than alternative constructions.
(The earlier calculational formulas obtained via AO form a foundation of an entire industry of mul-
tiloop calculations. The referee seems to be totally ignorant of the fact; more on this later on.)
Does that qualify for "very abstract"?
I cannot but conclude that the referee's use of the adjectives "abstract" and "specialized" is only a
figure of speech intended to conceal and justify her complete and utter ignorance of the technique I
used.
>> On the basis of the above considerations,
>> I think that this paper is not suitable for a letter.
   We have seen what the referee’s "considerations" are worth. Her conclusions cannot be any more
valuable.
   For fairness' sake I note that the theoretical high-energy physics community is rather ill-informed
of the method of AO. I discuss the reasons for that in connection with the other referee's explicit
remark.
   The critical part of the report B is over. The rest is just a padding -- advice not only trivial but
worthless because connected neither to the specifics of my construction, nor to the problem of un-
stable fields proper:
>> I would suggest to the author that he should write a more detailed paper,
   Does the referee seriously believe that an author -- even an obscure Russian -- needs this sort of
advice?
>> addressed to a more specialized audience.
   To reiterate:
   Instatbility is a fundamental issue in particle physics. Practically all of high-energy physics re-
volves around studies of unstable particles with perturbative framework playing a central role. As
follows from my results, the difficulties of conventional schemes are due to the inherently singular
nature of systematic gauge-invariant perturbation theory; this must be clearly understood by any
well-educated expert in QFT and its applications to particle physics as well as by those involved in
confronting theory with data.
   Furthermore, as regards the method of AO I used: the situations where Feynman diagrams in-
volve a large/small parameter PERVADE high-energy physics.  The method of AO is applicable to
any such problem; it is not only the most powerful method but the only one to deal with problems
like the one described in my Letter. Therefore, a huge number of theorists grappling with such
problems -- usually with rather limited degree of success -- ought to be educated about this method
(just recall how far the state of the art advanced in problems of Euclidean type when the Euclidean
AO was invented: from painfully difficult 1-loop calculations of Wilson coefficient functions to
automated conveyer-style 3-loop calculations).
>> The paper should include a clear derivation of the formulae,
   For the referee's information:
   There are at least three algorithmic descriptions of the general structure of AO available in the lit-
erature [hep-ph/9612284; hep-ph/9703423; hep-ph/9703424], not to mention an exposition de-
signed to achieve full mathematical rigor [hep-th/9612037; hep-th/9612038]. The paper hep-
ph/9612284 (together with the review hep-ph/9701272) contains also explanations of the formu-
las. Further technical details are contained in the mentioned "rigorous" work.
   All the above work is cited either directly, or is described and discussed in the review publica-
tions cited in my Letter.
>> an explanation of what is new relative to the previous
>> papers in the AO formulation,
   The referee ought to read the papers she undertakes to review.
>> and an application of the method to some fundamental problem,
   But isn't this exactly what I do in my Letter?!
   In my Letter I apply the method of AO to the fundamental problem of construction of systematic
gauge-invariant perturbation series.
   Applying the new perturbation series to a phenomenological problem is a subject for a separate
publication.
   It is like suggesting to the authors of the above-cited [BK] paper to compute a cross section of
some process first.
>> such as the Z and W line shapes in a resonance experiment.
   The "Z and W line shapes" is not a fundamental problem per se. "Line shapes" are only a means
to an end. In the present context, the fundamental problem is high-precision tests and determina-
tion of parameters of the Standard Model including bounds on higgs mass etc.
>> It would be interesting to see how
>> this formalism deals with the interference of amplitudes, such as
>> they occur between the Z and photon amplitudes in the case of the Z
>> line shape.
   Another pro-forma suggestion: the mentioned interference has only marginal (if any) relation to
the problem of instability in general and the new formalism in particular.
>> It would also be important to see whether and in what way the
>> proposed method leads to expressions different from the more
>> conventional formulations.
   *The entire Letter* is devoted to explaining exactly these points -- the difference of the proposed
method from the standard perturbation theory -- with examples and explicit expressions.
COMPOSING A REPORT ON A PAPER WITHOUT ACTUALLY READING IT -- SUGGESTING TO DO
SOMETHING ALREADY DONE IN THE PAPER -- OFFERING TRIVIAL PRO-FORMA ADVICE
UNRELATED TO THE PROBLEM BEING DISCUSSED -- WHAT IS THIS IF NOT AN ARROGANT
DISRESPECT FOR THE AUTHOR? FOR THE JOURNAL? FOR THE ENTIRE RESEARCH
COMMUNITY?
----------------------------------------------------------------------
BRIEF ASSESSEMENT OF REFEREE A'S REPORT:
   Compared with the grandeur of Referee B's summary dismissal, the report A is on an altogether
lower plane: The referee failed already at the warm-up exercise of summarizing the Letter -- a feat
successfully accomplished by the other referee by simply rephrasing the abstract.
The report A further attempts to create confusion by misrepresenting what my Letter does; by mis-
quotations; by devising patently artificial "gedanken experiment" arguments; by advancing as un-
solved difficulties the issues explicitly addressed in my Letter; by finding fault with the references
where there is, provably, none; by a plain falsehood.




>> Reference no.: LQ6406
>> Authors: Fyodor V. Tkachov
>> Title: Perturbation theory for unstable fundamental fields.
>>
>> This paper develops an expansion to render the $(Q^2-M^2)^{-1}$
>> singularity that appears in the standard perturbation theory
>> integrable.
   The very first sentence exhibits a misinterpretation of the purpose of the paper and the referee's
complete lack of grasp of the mathematics of the problem:
   1) It is impossible to render any singularity integrable by an expansion of the singular factors --
not in any sense related to the problem at hand.
   2) To render this singularity integrable is a trivial task: just add an infinitesimal causal term into
the denominator: $(Q^2-M^2+i0)^{-1}$, or apply a principal value prescription: $VP[(Q^2-M^2)^{-
1}]$.
   3) I note the first power in the referee's formula. This indicates that she missed the central point
of my construction (clearly stated already in the abstract and reiterated in the body of the Letter --
see the 3rd and 4th paragraphs after eq.(1)), namely, that I construct expansions for
PROBABILITIES rather than amplitudes; and with probabilities one deals with propagators
SQUARED. This cannot be a misprint because it fully correlates with her another, grossly errone-
ous "blow up" argument (see below).
>> In this endeavor it apparently succeeds
   Given the referee's rather vague notions about how singularities are handled, I don't see how she
could have possibly arrived at such a non-trivial conclusion. Obviously, this must be a rhetorical
simulation of objectivity to prepare ground for a smashing criticism in the next clause:
>> but it misses the point of many of the problems that plague
>> perturbation theory in the presence of unstable particles.
   WAY TO GO, REFEREE!
   The subject is messy (didn't you participate in that mess?) -- don't explain what the "many prob-
lems" are, nor what is their mysterious "point"! Just declare that the paper "misses" it -- the editors
will be suitably impressed by the expertly aplomb -- and won't pay attention to whatever nonsense
you fill the rest of your report with.
   I maintain that, within the restrictions of my Letter (unstable particles not long-lived enough to
reach detectors), and given Veltman's 1963 results, the only genuine and key difficulty is a lack of
exact gauge invariance in each order of PT.
>> Although the process
>> $q_1 \bar q_2\rightarrow W\rightarrow l_1 \bar l_2$
>> that the author discusses will necessarily have a significant energy
>> spread for the incoming beam due to initial-state bremsstrahlung,
>> there are other processes that need not. Imagine the gedanken
>> experiment $\nu\bar\nu\rightarrow Z\rightarrow l_1\bar l_2$.
>> There is no initial-state radiation and there is nothing, in
>> principle, that prevents one from producing a beam of monochromatic
>> neutrinos with center-of-mass energy
>> $Q^2=M_Z^2$.
   It does not take much Denkung to see how bizarre the referee's argumentation is:
   ALL the existing and planned accelerators involve either hadrons in the initial state -- implying
convolutions of hard subprocesses with parton distributions -- and/or charged particles -- implying
the significant initial state radiation and therefore energy spread.
   So, even if my method were "only" applicable to situations with significant energy spread -- it
would still be (as it indeed is) applicable to ALL experimental situations currently envisaged in HEP.
   It is inconceivable that an expert would not see artificiality of such an argument. Since she does
advance such an argument... [Exercise: complete the sentence in a strictly logical fashion.]
>> The author's approach would blow up in any finite order
>> because there is a $\delta^2(\tau)$ in the energy integral.
   IT WOULD NOT BECAUSE THERE IS NO SUCH THING.
   The squared delta-function could have only resulted from squaring of the amplitude if the latter
contained such a delta-function.
   But it is a central point of my method (see the abstract) that the perturbative expansion is carried
out directly for PROBABILITIES, and only then such delta-functions emerge, and they are NEVER
squared.
>> Even in the case $e^+e^-\rightarrow Z\rightarrow l_1\bar l_2$
>> at say, LEP1 or SLC, where the beam energy spread $\ll\Gamma_Z$
>> the method would seem not to reproduce the standard Breit-Wigner
>> resonance curve that is experimentally observed.
   The remark 6 at the end of my Letter clearly addresses exactly this point,
and it also indicates solutions.
   This deserves a comment because the argument is rooted in a wide-spread prejudice (apparently
shared by the referee) which, in general, is not true.
   (a) The big problem addressed in modern high-energy physics experiments is not to reproduce
any intermediate curve (even carrying classics' names), but to test the Standard Model and deter-
mine its parameters with highest precision and reliability possible. The Breit-Wigner curve is only a
means to an end; its usefulness is only determined by how well it meshes with the underlying QFT
formalism.
   (b) It clearly follows from my results that the simplest form of gauge-invariant perturbation theory
is only possible with singular distributions in the answer (uniqueness of pure-power expansions
mentioned in remark 7 at the end of my Letter).
   This is an essential -- sine qua non -- property of the QFT formalism: Indeed, in the limit of van-
ishing coupling, the squared propagators MUST reproduce delta-functions, and the corrections are
bound to contain derivatives thereof along with more complex VP-distributions.
   So, it is not a failure of my method but a FUNDAMENTAL PROPERTY OF THE FORMALISM OF
QFT PERTURBATION THEORY that its immediate predictions "seem not to reproduce" a curve.
   Furthermore, collections of experimental data points in particle physics experiments NEVER di-
rectly reproduce any curve. Do experimentalists worry about such a "failure" of their experimental
methods? Certainly not. They just scratched their heads a little and came up with a simple histo-
gramming techniques. A little scratching of their heads will do no harm to theorists too: they will
easily find (starting with the comments in my Letter) a number of simple options for reducing the
intrinsically singular predictions of gauge-invariant perturbation theory to a form suitable for
matching against experimentalists' histograms. Experience will show which of those options works
best with the chosen calculational techniques.
   (c) Insertion of a width into denominator (to obtain a Breit-Wigner type curve) is a kind of ma-
nipulation that the more naive versions of PT have no monopoly for: such a procedure can be per-
formed equally well AFTER gauge invariant singular predictions are found in the new version of PT -
- AFTER evaluating all the integrals etc. There is no obstacle whatsoever to prevent reassembling
the VP's and delta's of the new PT -- AFTER canceling all gauge dependences -- into Breit-Wigner
type continuous curves. (This possibility is explicitly mentioned in the revised version of my Letter.)
   Lastly, to do away with this point, a function can be represented in many ways -- e.g. by its
Fourier coefficients. A representation in terms of VP's and delta's is just another -- perhaps a little
unusual but not fundamentally alien -- representation of this sort. If a theory predicted only
Fourier coefficients of an experimental curve, would that be a "failure"? Certainly not. Predictions in
terms of delta's and VP's are not fundamentally different from predictions in terms of coefficients of
Fourier series in this respect.
   I emphasize that the referee brought up the issue explicitly addressed in my Letter -- without
mentioning in her report that the manuscript DOES discuss it and indicate concrete and simple
ways of its resolution. This means either
(i) that the referee did not read the paper, or
(ii) that she made a deliberate attempt to mislead the editors.
   I leave the choice to the editors.
>> The author's citations leave a lot to be desired.
   Upon closer examination, the Referee A's declaration proves to be another misrepresentation: out
of 4 criticisms she makes, NONE stands a scrutiny!
   Moreover, she fails (as does the other referee) to indicate the one truly important omission in the
submitted manuscript (which no expert could fail to notice): it did not make full justice to
M.Veltman's fundamental 1963 paper. (This was due to its inaccessibility to the author at the time
of the first posting of the Letter. This omission was properly corrected already in the 2nd revision of
the Letter -- posted prior to my receiving the two reports).
   But let us examine the referee's suggestions:
>> He describes his work that ``has been fully developed since 1982
>> [8].'' but the reference dates from 1994.
   The review [8] ([13] in the revised version) contains all the references to the original publications,
including my first 1982 talk on the subject (published in conference proceedings available in all
major laboratories, e.g. openly available in the library of FERMILAB) that later developed into the
theory of AO. I chose not to clutter a short Letter with references to my early works, and cited a re-
view where all further references can be easily found. What's wrong with that?
   That review is easily downloadable from the Internet (hep-ph/9701272). The referee could have
checked whether my statement about 1982 is true.
>> He describes AO as being ``widely used at present''
>> but this is surely and exaggeration.
   THIS IS SURELY TOO MUCH.
   The actual text is this (the one but last paragraph preceding eq.(2)):
"Its Euclidean variant yielded powerful calculational formulas widely used at present (for a review
see [8], [9])." ['Its' refers to the theory of Asymptotic Operation.]
There is absolutely no grammatical or semantic ambiguity here: it is the FORMULAS that AO
yielded that are "widely used at present". AO itself needed to be used only once to discover those
formulas.
   Similarly, AO needed only once to construct the perturbation theory of unstable fields described
in my Letter -- but the resulting perturbation theory itself can be used to calculate predictions for
any number of processes.
   Is it a sign of conscientiousness of refereeing that a referee bases her criticisms on distorted
quotations?
   But perhaps I am nitpicking, and the referee meant that I exaggerated the use of the FORMULAS
discovered with the method of AO? Let us see.
   Here is a list of authors I compiled from a number of publications in leading research journals
(Physical Review Letters; Physics Letters B; Nuclear Physics B) that contained as a central "hard-
work" element a calculation based in an essential way on formulas first discovered via AO and
made public back in 1983-1986, and extended to Minkowski space problems in 1997:
P.A. Baikov (Moscow State U.)
W.A. Bardeen (Fermilab)
M. Beneke (CERN)
K.G. Chetyrkin (Karlsruhe U.)
J. Fleischer (Bielfeld U.)
R. Harlander (Karlsruhe U.)
V.A. Ilyin (Moscow State U.)
M.Yu. Kalmykov (JINR, Dubna)
D.I. Kazakov (JINR, Dubna)
B.A. Kniehl (New York U.)
A. Kotikov (JINR, Dubna)
J.H. Kuhn (Karlsruhe U.)
A. Kwiatkowski (LBL, Berkeley)
S.A. Larin (INR, Moscow)
T. van Ritbergen (NIKHEF, Amsterdam)
V.A. Smirnov (Moscow State U.)
M. Steinhauser (Max Planck Inst., Munich)
A.Yu. Taranov (Moscow State U.)
O.V. Tarasov (JINR, Dubna)
F.V. Tkachov (INR, Moscow)
J.A.M. Vermaseren (NIKHEF, Amsterdam)
Note that we are talking here about large-scale calculations that can only be performed by well-
equipped collaborations. "Width of use" should be rated with this in mind. There are (or were) at
least half a dozen such collaborations among the above authors.
The calculational formulas and results I have in view were first made public in the following publi-
cations:
--- short-distance OPE:
F.V. Tkachov, Phys. Lett., 124B (1983) 212;
S.G. Gorishny, S.A. Larin and F.V. Tkachov, Phys. Lett., 124B (1983) 217;
--- mass expansions:
G.B. Pivovarov and F.V. Tkachov, preprint INR P-370 [Combinatorics of Euclidean asymptotics of
Green functions (IV)]; scanned images available from the KEK preprint library
[http://ccdb1.kek.jp/KISS.v3/kiss_prepri.html] KEK no.8502210;
G.B. Pivovarov and F.V. Tkachov, preprint INR P-459 [The general form of Euclidean asymptotic
expansions of Green functions (V)]; KEK no.8610360;
  The latter two preprints (along with some earlier works) found their way (with a few minor changes
not affecting the final calculational formulas) into the following journal publications:
F.V. Tkachov, Int. J. of Modern Physics, A8 (1993) 2047 [Euclidean asymptotic expansions of Green
functions of quantum fields. (I) Expansions of products of singular functions]; hep-ph/9612284;
G.B. Pivovarov and F.V. Tkachov, Int. J. of Modern Physics, A8 (1993) 2241-2286 [Euclidean as-
ymptotic expansions of Green functions of quantum fields. (II) Combinatorics of the As-operation];
hep-ph/9612287;
--- The above-mentioned extension to Minkowski space was achieved in:
F.V. Tkachov, Physics Letters B412 (1997) 350 [hep-ph/9703424] (Ref.10 of the submitted manu-
script, Ref. 15 of the revised version).
The above-mentioned formulas first discovered via AO were made a subject of extensive verification
in a number of papers [this list is incomplete]:
S.G. Gorishny and S.A. Larin, Nucl. Phys. B283 (1987) 452;
S.G. Gorishny, Nucl. Phys. B319 (1989) 633 (posthumous publication of a 1987 work);
C.H. Llewellyn Smith and J.P. de Vries, Nucl. Phys. B296 (1988) 991;
K.G. Chetyrkin, Theor. Math. Phys. 75 (1988) 26;
V.A. Smirnov, Comm. Math. Phys. 134 (1990) 109; "Renormalization and Asymptotic Expansions",
vol. 14, Birkhauser, Basel, 1991.
The theoretical value of those formulas was confirmed by publications of the corresponding calcu-
lational results in all the leading research journals; just one example:
S.A.Larin, F.V.Tkachov and J.Vermaseren, Phys. Rev. Lett., 66 (1991) 862.
For fairness’ sake I note that the method of AO has a long history: it originated behind the Iron
Curtain and outside of established theoretical and mathematical physics communities. These cir-
cumstances created [through mechanisms not dissimilar to what's behind the two present referee
reports] a situation when the original references are either not cited at all, or cited using "language
that suppresses or improperly detracts from the work of others" (cf. "Ethical Guidelines of the
American Mathematical Society"); one example is the recent review Phys. Rept. 277 (1996) 189 by
Chetyrkin et al. where the results by Pivovarov and myself are not properly credited [which is also
true of a majority of publications with participation of Mr. Chetyrkin and Mr. Smirnov, the two ac-
tive Russian "experts" in the theory of Feynman diagrams who both, however, are fully familiar with
the above-mentioned AO results of 1983-1986, as is obvious e.g. from their publications in Theor.
Math. Phys. in the late 80's; I spare the reader the details of their audacious intrigue].
Therefore, the referee's ignorance [as that of a majority of non-Russian authors in the above list] of
the original publications in which the theory of AO emerged, may be excusable.
But her offhand dismissal of my statement as untrue -- is it not an insult?
>> It is rather strange to cite the conference proceedings in ref.[4]
>> rather than journal publications that are referred to therein and the
>> more recent {\sl Nucl.\ Phys.}, {\bf B 498} (1997) 28.
   This Nuclear Physics paper by Robin Stuart carries the e-print number hep-ph/9504215 (April
1995) whereas the paper I cited is dated June 1997, hep-ph/9706550, i.e. MORE THAN TWO
YEARS more recent. I deliberately cited the most recent review paper that contains E-print refer-
ences to R.Stuart's earlier papers on the subject so that interested readers could easily find them.
   I dismiss the referee's claim that there is anything "rather strange" about this my citation as her
another distortion of the actual facts.
   Lastly, I cannot accept an anonymous suggestion to change a citation of R.Stuart's 1997 work to
one that is, according to the information from e-print archive, much older. Why the referee not send
her comments to R.Stuart?
>> It should also be noted out that the fact that Dyson summation
>> destroys gauge invariance was first noted in
>> {\sl Phys.\ Lett.}\ {\bf B 262} (1991) 113
   This is another paper by Robin Stuart.
   But the referee's assertion is, nevertheless, a FALSEHOOD:
   The issue had been discussed e.g. already in M. Kuroda, G. Moultaka and D. Schildknecht, Nucl.
Phys. B350 (1991) 25. The submission date of this substantial paper is 23 August 1990. The sub-
mission date of R.Stuart's short letter is 25 March 1991 -- i.e. FULL 7 MONTHS LATER.
   The conflict of resummations and gauge invariance is an issue well-known at least since the
studies of QCD via Dyson-Schwinger equations in the early 80's (e.g. J.M.Cornwall
Phys.Rev.D26:1453,1982). So it is perfectly proper to treat the observation of non-gauge-invariance
of resummed amplitudes as theoretical lore.
>> not ref.[3] as the author seems to suggest in the text.
   THE AUTHOR SUGGESTED NO SUCH THING! (See the 2nd paragraph after (1).)
If I wanted to suggest what the referee says, I'd put the reference five words earlier after "destroy
gauge invariance" rather than after "unsatisfactorily large" as is actually the case.
>> For the reasons given above I cannot recommend publication.
   Let us summarize those reasons:
   a misquotation; misinterpretations; a failure to correctly interpret the mathematical nature of the
problem; a patently artificial "gedanken experiment" argument; a grossly erroneous "blow up"
proposition; three invented faults with references -- and a plain falsehood...
>> The method proposed is perhaps useful in treating situations where
>> there is a significant energy spread
   which comprise all of high-energy physics -- excepting the referee's "gedanken experiments" with
monochromatic neutrino beams.
>> but has very little bearing on issues related to perturbation theory
>> with unstable particles.
   I challenge the referee to state explicitly what in her opinion are those mysterious "issues".
   What kind of new logic allows the referee to claim in the same breath that a method can be at the
same time "useful in" what is essentially all of high-energy physics -- and yet have "very little bear-
ing on issues"?
WHETHER THIS REPORT TESTIFIES TO THE LEVEL OF REFEREE'S EXPERTISE (IF HER
GEDANKEN EXPERIMENT ARGUMENT IS SINCERE) -- OR WHETHER IT IS A GAMBLE THAT THE
CHANCES FOR A PAPER THUS BELIED TO GET PUBLISHED IN THIS JOURNAL WILL BE
DRASTICALLY DECREASED, I LEAVE TO THE EDITORS TO DECIDE.
----------------------------------------------------------------------
End of comments
